
UNCLASSIFIED

AD NUMBER

AD900197

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies only; Test and Evaluation; Mar
1972. Other requests shall be referred to
Air Force Armament Lab., Eglin AFB, FL
32542.

AUTHORITY

AFATL ltr, 20 Nov 1975

THIS PAGE IS UNCLASSIFIED



THIS REPORT HAS BEEN DELIMITED

AND CLEARED FOR PUBLIC RELEASE

UNDER DOD DIRECTIVE 5200,20 AND
NO RESTRICTIONS ARE IMPOSED UPON

IIS USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELEASEJ

DISTRIBUTION UNLIMITED,

Best Available Copy



AFATL-TR-72-47

SYNTHESIS OF ALIPHATIC

EXPLOSIVE COMPOUNDS

FLUOROCHEM, INC.

TECHNICAL REPORT AFATL-TR-72-47

D D

MARCH 1972 ,IJN 20 1972

Distribution limited to U. S. Government agencies only;
this rp'- ; documents test and evaluation; distribution
limit applied March 1972. Other requests for
this -) mont must be referred to the Air Force Armament
Laboratory (DLIW), Eglin Air Force Base, Florida 32542.

AIR FORCE ARMAMENT LABORATORY
AIR FORCE SYSTEMS COMMAND * UNITED STATES AIR FORCE

EGLIN AIR FORCE BASE, FLORIDA



Synthesis Of Aliphatic

Explosive Compounds

V. Grakauskas

Distribution limited to U. S. Government agencies only;
this report documents test and evaluation; distribution
limitation applied March 1972. Other requests for
this document must be, referred to the Air Force Armament
Laboratory (DLIW), Eglin Air Force Base, Florida 32542.



FOREWORD

This final report documents work performed during; the period 15 March
1971 to 15 February 1972 under Contra.ct FO8635-71-C-0112 administered under
the direction of the Air Force Armament Laboratory, Air Force System's Com-
mand, Eglin Air Force Base, Florida. This effort was conducted under
Project 2511, Taek 01, Work Unit 013. The prog~ram monitor for the Armament
Laboratory was Major ýuncan E. Dodds (DLIW).

The synthesis program was conducted by Fluorochem, Inc., Azusa,
California and was managed by V. CGrakauskas. The experimental work was
performed by Dr. V. Grakauskas with consultation by Dr. K. Baum.

This report has been reviewed and is approved.

FRANKLiN C. DAVIES, ,vdolonel, USAF
Chief, Flame, Incendiary, and Explosives Division
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ABSTRACT

A number of new energetic polynitroethers and intermediateo were
synthesized utilizing reactions of 2-fluoro-2,2-dinltroethanol and its
derivatives.

The oxidation and nitration of (2-fluoro-2,2-dinitroethoxy)acetai-
doxime yielded 2-fluoro-2,2-diniLroethyl 2,2-dinitrocthyl cther which wau
fluorinated to give 2-fiuoro-2,2-dinitroethyl ether. 2-Fluoro-2,2-dinitro-
ethyl 2,2-dinitroethyl ether and formaldehyde gave 3-(2-fluoro-2,2-dinitro-
ethoxy)-2,2-dinitropropanol which was used to synthesize bis r3-(2-fluoro-2,2-
dinitroethoxy)-2,2-dinitro-propy-I formal.

Five l-(2-fluoro-2,2-dinitroetlioxy)-2-propanoi derivatives of the
general structure FC(NO2 )c11. 2 ULai, (U11)M2 XLX=,Ci, Br, 1, O'-40 , Cco( 3H 9•
were synthesized by react~ng 2-fluoro-2,2-dinitroethyl glyci~yl ether w1Ath
HX and the alcohol derivatives were oxidized to the corresponding acetone
derivatives, FC(N0 2 )2 CH2 OCH2 COc1;IXX =CI, O, ) OcOC(C1 2)31.

1,3-Bis-(2-fluoro-2,2-dinltroethoxy)-2-propanoi was synthesized by
reacting 2-fluoro-2,2-dinitroethyl glycidyl ether with 2-fiuoro-2,2-dinitro-
ethanol. The alcohol was oxidized to 1,3-bis(2-fluoro-2,2-dinitroethoxy)-
acetone. Nitration and oxidatio:n of the oxime of this ketone yielded 1,3-
bis(2-fluoro-2,2-dinitroethoxy)-:•,2-dinitrupropane.

Other new compounds synthei;ized were: 2-fluoro-2,2-dinitroethyl
propargyl ether, 4-(2-fluoro-2,2-dinitroethyl)semicarbazide and (2-fiuoro-2,2-
dinitroethoxy)vinylene dijsocyanate.

Distribution limited to U. S. Government agencies only; I
this report documents test and evaluation; distribution
limitation applied March 1972. Other requests for this
document must be referred to the Air Force Armament
Laboratory(DLIW), Eglin Air Force Base, Florida 32542.
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ECirIONI

I1N4iRODU JUI1 ON

The objective of this prograni was to synthesize and characterize
new energetic nitroallphatic compounds for potential use in explosive
formulations. The major emnphasis of this work was on the reactions of
2.-fluoro-2,2 -dinitroethanol.



The following new fluorodinitro eomnpounds -were synthesized and
characterized under this contract using 2-fluoro-2,2-dlinitroethano2. and
its readily available derivatives as the startinC materials.

FC(N02 )2 CH2OCH 2 C~i=OH

FC(NO2>dHOCH ý(NO ) B
2 )2 H2 2 " 2 2

FC(N02)0 '-'C12 (NO,) )F

2)"2 2 22

[~CN2)'CH2'OC,1IC(NO2 )2 "1~[~Gl

FC(NO9e ),Hoan dH(cH )en acoll o
2 1 2 2 2L 2 2

FIC(NO)~noncc- e (~

2 2 2 2X 2 22

FCI(NO 2 ) 2C 2 OCu 2 CH(wCH)C 21 al2c(NTO 2 2F

Fc(No 2 ),~CH 2 oca12Clj 2 O 2-l

FC('N092 C1- OCH C(Nr= c 0 -r

FC(NO ) c,COC(NeC)=CllNCO

FC(NO ),CHI NIiNIICOWN
22C 2 2



"SE M£ON III

TECHNICAL DISC'JSSION

A. PREPARATION AND REACTIONS OF 2-FLUORO-2,2-DINITROE'hYL 2,2-DINITROFTHYL
ETIER

Polynitroalkyl ethers are promising plasticizers but are difficult to
synthesize. Direct synthesis of these ethers briefly explored by ourselves
and other investigators (Reference 1) failed. In the present work an indirect
reaction scheme leading to 2-fluoro-2,2-dinitroethyl ether was explored.

2'-Fluoro-2,2-dinitroethoxyntectaldehyde, synthesiied several years a,;o
(Reference 2), appeared to be a potentially useful starting; material in the
synthesis of 2-fluoro-2,2-dinitroethyl 2,2-dint'ýrovthyl ether by the Picnzio
reaction (Reference 3):

FC(NO 2 )2 CH2OCL'2C'10 -- -- )- -FC(NO2) OH2OCllt2Cf=NO2t 2-_FC(NO2 ),CH2oCii(r0u
C- 22 2 if 20" 2 2 22

Although gem-dinitroalkane derivatives can be readily synthesized from the
corresponding ketones by this procedure (R-ferencc 4), analogous reactions of
aliphatic aldoximes were not reported prior to the present work. Aryldinitro-
methanes, on tae other hand, were obtained in nitration and oxidation of
aromatic aldoximes (Reference 5).

2-Fluoro-2,2-dinitroethoxyacetaldoxime was obtained in 80-95% yield by
reacting 2-fluoro-2,2-dinitroacetaldchyde with hydroxylamine under conventional
reaction conditions. The compound, a liquid, contained a mixture of sEn• and
anti isomers. The oxime was nitrated with fuming nitric acid in methylene
chloride to give a deep blue solution of the nitro-n4troso intermediate which
upon treatment with hydrogen peroxide yielded 2-fluoro-2,2-dinitroethyl 2,2-
dinitroethyl ether:

IINO 3H 013L ~ T"52 LFN)ci01 cN
FC(NO2 C)2 C 2 OCOH2 CH=NO1i ý- C( NO.)CI 2 C11n( NO)fN-) FC(oNO)22] C(

2)L2r-" 2  r- 2 21 - C C 2 2 2

The ether, a colorless liquid obtained in 50-655 yields, was characterized by
its nmr spectra and elemental analysis. The compound was only moderately stable
at room temperature and decomposed in a few days to 2-fluaoro-2,2-dinitroethoxy-
acetic acid:

250
FC(NO 2 ) 2 H0 C(rNO )2H "--FC(NO ) CH 020 CO 10H

C- 2 2 2 2 22-2 2 2

This decomposition appears to be autocatalytic.

A more detailed investigation of the nitration of 2-fluoro-2,2-dinitro-
ethoxyacetaldoxime showed that this reaction is very sensitive to reaction
conditions. Reaction variables, such as the order of addition of reagents,
temperature, and reaction time, can be varied only over a narrow range.

3



Attempts to employ nitrogen tetroxide as the nitrating agent were unsuccess-
ful. Further work is needed to explore this reaction. It also would be
important to determine the scope and limitations of these reactions with
respect to othex aliphatic aldoximes.

2-Fluoro-2,2-dinitroethyl 2,2-dinitroethyl ether reacted with aqueous
formaldehyde to give the corresponding methylol derivative, 3-(2-fluoro-
2,2-dinitroethoxy)-2,2-dinitropropanol, in 80-90% yields:
FC(NO2 )2 C-2 OcH 2 CH(N0 2 )2 + HCHO 120 FC(NO2)2,10 C(NO2)2"120H

-)C2C2C(O) F C( NO 2 ~2 C,. d 2 C(N 2 ~2 01 2

This sparingly water-soluble polynitroalcohol could be distilled in a mole-
cular still and is storable at ambient temperatures. The formylation of
2-fluoro-2,2-dinitroethyl 2,2-dinitrocthyl ether is a practical way to stabi-
lize the compound for storage. As with other 1,l-dinitroalkanes, the formyi-
ation of 2-fluoro-2,2-dinitroethyl 2,2-dinitroethyl ether is a reversible
reaction:

OH-
FC(NO ) CH OCH C(NO )2CH OH V--"- FC(N02)CieCH2C(N02)2- +I

22 2+ 222 H - 2 2 C +11C )C " Cr'22n
3

3-(2-Fluoro-2,2-dinitroethoxy)-2,2-dinitropropanol reacted with s-trioxane
in concentrated sulfuric acid to give bisr3-(2-fluoro-2,2-dinitroethoxy)-2,2-
dinitrtpropy formal: L

Z it

FIC(NO ) C11 ociY c(NO ) CHI 01H + (C, )-[CN HOHCN
2.2 2 2 2 22 2+ 3 L 2 2 2  1L 2 2L2124

The formal, a viscous colorless liquid, d= 1.641, was characterized by

elemental analysis and nnu spectra.

Bis(2-Fiuoro-2,2-dinitroet1iyl) ether was obtained in 50-70%, yield by
direct fluorination of the aqueous sodium salt of 2-fluoro-2,2-dinitroethyl
2,2-dinitroethyl ether at 0-5°:

HO0

FC(NO2 )2 CH2 OCH C(NCO)2"Na+ + F2 FC(NO0)2CH20CE2C(NO2)2F
222 2 C_2 2 2 22 2 2 2

The compound, a colorless liquid, d= 1.629, bp 1000 (0.3 mm), was characterized
by its proton and fluorine nmr spectra and by elemental analysis. A 5 g sample
of the ether was submitted to Lawrence Radiation Laboratory, Livermcre, Califor-
nia who have specialized equipment for stability evaluation. These test results
are not yet available.

Similarly, chlorination of 2-fluoro-2,2-dinitroethyl 2,2-dinitropropyl
ether with sodium hypochlorite yielded 2-chloro-2,2-dinitroethyl 2-fluoro-2,2-
dinitrcethyl ether:

HOFC(NO2)C2O CH(N2) + NaOCI 2-- FC(NO2)2CH20CH2C(N02)2 C1
FC )02 CH2 0CH2 d(0 2 )2 + 2 C

The above reactions of 2-fluoro-2,2-dinitroethyl 2,2-dinitroethyl ether
suggested that the compound should undergo other reactions common to 1,1-
dinitroalkanes, such as, for example, Ui•chael and Mannich reactions. Its

4



rea'o!tiLII withi methy~l. vinyl1 ketunke was; brerfly c-j) Lored, 1ii11d tic jutt11)irl
spectrum of' the reaction product was consuistent 4-th the expccted1 6-(2--fluoI(ro-
2_,2-diuiitroethioxy)-5, 5-dinitro-2-hcxanone structure:

Naill
FC(N0 2 2 H2  C(N0 2 21113 li' U( 2 0011

2)2u"2oC2'2 ~ ~ ~ CD02 )2HC2=CO')-CF' 2 0r212 C(N10 2)C2 CI12 COH

Seone difficulties were encountered with the pur-ification of the ketone and
elemental analysis was not obtained.

B. SYNTHESIS AND REACTIONS OF 1.-.(2-F-LL'OilO-2, 2-DINITROETHIOXY) -2-PROPANOL,
DERIVATIVES

in con~unetion with Lhe synthesis of 2-fluoro-2,2-dinltroethyl ether
titernative routes were explored, and a number of Interesoting, intermediates
were synthesized. One such alternate, a-pproachi is based on the followinu--
reaction- of' 2-fluoro-2,2-dinitroethyl j;lycidyl ether:

Fc(No 2)2 Cn OoiIcn- ci.,+1X -b- FC( NO),_, )1,,Uiaic M(oli)(Iit-X
C_ 2 ~ 2. C C_

(Ox N¾Ol 0i
FC"(N0 2)2 Cili02l'CO;iiX *-iO-. 'cN )2 2OC(=NcH)CtlX

)110/122 2F

r~~- FC-CHOCMtC(NOQ )1 0I' - 2----- (NO )rC 010(4
H, .ydrolysis C 2 c 2 2 a2 l 22 2 2 22

Due to time limitations only the fir-st three steps of tYhe above reaction
scheme could be explored. A number of' useful l-(2-flubro-2.,2-dlnitroethcoxy)-
isopropanol derivatives and their reaction products are decsccribed below".

A side-reaction product, l-(2-fluoro-2,2'-d,-nltroethoxy)i-3-chi,'oro-2-
propanol,was is*olated and identified in the purifi cation of crude 2'-fluoro.-
2,2-dinitroethyl glycidyl ether synthesizedI by reacting- aqueou-s alkaline
2-fluoro-2,2-dýinitroethanoDl with. epichloroi~ydrln. 'ThiJs ehlorol:y'rin, subse
quently obtained quantitatively Ly reaoctingý- the !;Iyclidyl ethner with dilute
hydrochloric acid, might be either th.e incom:pletely cyclized, 'nternediate or
the product of reversible equilibrl~un between the Glycidyl ether andt. cl.l'orilae
ions:

- N a~li -1101
r~ C ( 1 )C1 i(w"j''

It was found that the epoxide ring' of 2- fluoro-2, 2_-diinitroe thyl g.lycldyl1
ether can also readily be opened with other dilute aqueous mineral acids.
Thus, dilute hydrobrorrdc, hydrol-odic and nitric acid gave the corresponding~ly
substituted l-(2-fluoro-2',2-dinitýroethoxy)-2-p)ropanoI derivatives in 75-95dj)

5



y-ields

X =Br, I, ONO,,

All these compounds were characterized by thieir elemientall analyses and orr
spectra.

A mixture of' the two isoome.-. rusulted when th,!e jlycidyl et'her was
reacted with acetic acid or when -(-lorL,-iltre;ix)2 -rpn-
diol was acylatedI with acetic anhydrilde:

)9~ Cl % 3I, 3,-' aa 5

FC(oQ(er.ooOo ooT T~o

A
FC(INC.).,C'OItu'Cl{(031-)C'I O!+(CHq cO) 0 y

LC a t.- 3 2 -

The compounds in the n-'xture were- identified by their proton nmir spectra,
but no attempts were made to isolate and to characterize the individual
components.

On the other hand, whenl-2lur-,-ntrth y)23roac
diol was reacted with the more ste.rically h~indered pivaloyl chloride, the
correspondinC isopropanolI derivative was obtained almost exclusively in
quanti_4tati-*-ve yiecld:

FCXNO,) cii 0Can cn(oni)cu "o;+(C¶ 'I S-OGVct -- ý- F:(O ) up or'ne- c)LNCC'222 2 2y 22Y '2J-

Tine next step in the alternative re~action scheme-I to2-uo-,-dit-
etLhyl1 ether requh'eci th.e oxidatfl)n of the abovel(-fur-,ditoeh y)
-propanol derivatives to the co.rrespon~dinG ketones. T1his oxida-tion was

accomplis;hed ik exelen yild 1wt Jones reagent (Reference 6) using; t1hree-

isopropanol derivatives: l-(2-fluotiro-',2-di4nl-troethIoxy)-3-ch.-loro-2-p~ropan-ol,
l-(2-rluoro-2.,2--dir~ituroethcxy)J-3-nItirato-2"-prop0anol, and l-(2-fluoroc-2,2-
dl~nitroethl-oxy)%-3-carbo-t--butoxy-Uý-propanolAI

FCN2)2 C'212 0 2 (O)GX Acetone >a 2 2~OQ,

X Cl, CNO,-, 0000(0113)

All three l,-(2-fluoro-2,2-dinit-rs)ethCxy)a-CCtornc derivatives were distilled
in a molecular stIll and eharaccorized by elemental analyses and nxx spectra.

6



Time limitations did not permit completion of the work or. the alter-
native reaction scheme leading to 3-(2-fluoro-2,2-dinltroethoxy)-2,Z-dinitro-
propanol and 2-fluoro-2,2-dinitroethyl ether. In a series of small-scalc
preliumirary experiments using l-(2-fluoro-2,2-dinitroethoxy)-3-(carbo-t-
butoxy)acetone as the substrate, It was shown that the ketone reacted with
hydroxytamine to give the corresponding oxime which then was nitrated and
oxidized to the corresponding sei-dinitro derivative, l-(2-fluoro-2,2-
dinitroethoxy)-3-(carbo-t-butoxyj-2,2-dinitropropane. These compounds were
tentatively characterized by their proton: n.x spectra.

The above results showed that the alternate route to 3-(2-fluoro-2,2-
dinitroethoxy)-2,2-dinitroprpanol as outlined at the beginning of this
section is feasible, but further work is needed. Some of the intermediates
synthesized above might be useful in other reactions.

C. SYNTSIS OF 1,3-BIS(2-FLUORO-2,Z-DINITROETHOXY)-2,2-DlNITROPROPANE

The successful alkylation of 2-fluoro-2,2-dinitroethanol with epichloro-
hydrin in aqueous alkaline solution to give 2-fluoro-2,2-dlnltroethyl glycidyl
ether (Reference 6) suggested that under suitable reaction conditions the
glycidyl ether might react with another mole of 2-fluoro-2,2-dinitroethanol
to give 1, 3-bis(2-fluoro-2,2-dinitroethoxy)-2-propanol:

NaOH

20c( NO2 ) 2 CH2OH

FPC(Nc) )2  2 CH2 CH(011)o Cal C(NOV) F

Several attempts to affect the above condensation were unsuccessful.

Towards the end of the present research program it was observed that
alkylation reactions of 2-fluoro-2,2-dinitroethanol are facilitated by
formaldehyde. In the presence of base 2-fluoro-2,2-dinitroethanol is known
to be in equilbrium with formaldehyde and fluorodinitrorethane anions
(References 1 and 7). It was reasoned that an excess of formaldehyde would
shift this equilibriuLm to the left:

OH-/iH,Io/n 0
FC(NO2 )2 C 2 0H O 2 FC(NO 2)2CH2 0 o- FC(NO2  HCO

Suppression of deformylation of 2-fluoro-2,2-dinitroethanol in alkaline
aqueous solutions was shown by the following experiment. 2-Fluoro-2,2-
dinitroethanol in aqueous alkaline solution reacts readily with c,F-unsatu-
rated carbonyl compounds to give the corresponding !.lichael reaction adducts
of fluorodinitromethane (Rufereice 8). Thc fluorodinitroethoxy moiety did
not add without prior deformylation:

NaOH
FC(NO)CH9 0a1I+CH=CH -- FC(NOc) 2Q I2 "M2 X + HRIýO

2GX COCl , C0C 215 or aN

7



It was now found that these reactions do not take pla'ce when a larg, exceus
of forraldchydc is added indicating that under the.ec conditions Lhc concen-
tration of fluorodinitromethane anions is negligible.

The above observed formaldehyde effect was exploited in a number of
alkylation reactions of 2-fluoro-2,2-dinitromethanol. Decomposition of
2-fluoro-2,2-dinitroethanol in aqueous alkaline solutions is attributed to
the instability of fluorodinitromethyl anions. Formaldehyde stabilized
alkaline 2-fluoro-2,2-dinitroethanol solutions allowing higher reaction tem-
peratures and longer reaction times. Higher yields of 2-fluoro-2,2-dinltro-
ethyl ethers by a factor or two or more were obtained under these conditions
using allyl bromide, propargyl bromide, propylene oxide and epichlorohydrin
as alkylating agents.

The crude reaction products obtained in alkylation reaction employing
excess of formaldehyde were usually contaminated with small amounts of
polymeric products (polymethyleneoxides ?) introduced by formaldehyde solu-
tions. These impurities presented some problems in the purification of
alkylatlon products.

Tle above described alkylation conditions using formaldchyde to sup-
press deformylation of 2-fluoro-2,2-di'introethanol were applied in the
synthesis of 1,3-bis(2-fluoro-2,2-d4nitroethoxy)-2-propanol. 2-Fluoro-2,2-
dlnitroethyl CIycidyl ether reacted with alkaline 2-fluoro-2,2-dinitroethanol
in formaldehyde solution to give the desired alcohol in 40-50% yiclds. The
compound could be distilled in a molecular still and was characterized by its
elemental analysis and proton nnir spectrunm.

1, 3-Bl(2-:luoro-2, 2-dinitroetloxy) -2-propanol was used as the starting,
material in the synthesis of 1,3-bis(2-fluoro-2,2-dinitroethoxy) 2,2-dinitro-
propane. This synthesis was accomplished via the corresponding ketone and
oxime. 1,3-Bis(2--luoro-2,2-dinitroethoxyJC--propanol was oxidized to
1, 3-bis(2-fluoro-r,2-dlnItroethoxy)acetonc with Jones reagent:

cr- 0 2- SO
FC(N0 2 ) CH- OCEn CH(cii)MCiIo c(Nc~ )M 0'2  EM(ocuoi2 22 2 2 2 Acetone L 2'_2" 221
The ketone, obtained in 95-100% yield, was distilled and was characterized by
elemental analysis and nsir spectra. It reacted with hydroxylamine to give
l, 3-bis(2-flucro.-2,2-dinitroethoxy)acetonc oxime:

-c(No CH - ]c+ N"120h -, [vc:uc 0C)_ " =G 2
2)2 20"1 c121 21-

The oxime was not purified but its proton nmr spectrum was consistent with
the structure. The crude material was nitrated and oxidized to gIve 1,3-
bis(2-2'luoro-2,2-dinitroethoxy)-2, 2-di nitropropane:

1) 90% IINO3.

H Ii02 22 22 2Ql C(NO)

22



2.,3-Do(2i'ioro2, -di~trcthxy)-2,2-d~~~ropopaetile bi0(22-fiuoro-2', 2-
Uinitroethyl) ether of 2,2-dinitx~opropanol', wau purified by chromatofgraphy
using basic alumina and characterized by elemental analysiG and its protorn
nmr spectrum.

D. MISMLLMIOUS IREAM~IONS OF 2 -FLUQC 0-2-,2- DI NITHROETUlAýOL

During the course of this work a number of other reactions of' 2-±'luoro-2,2-
dinitroethanol were explored. These unrelated reactions are Gumirarizcd below.

Aqueous alkaline 2-fluoro-2,2-dinit~rocthanol. reacted slowly with proparc-,yl
bromaide to Give trace amounts of' 2-fluoro-2',2-dinitrocthyl- propargc'1 ether:

NaOII
FC(NO .,a 01+BalC=-l' FC1,:m ),'l CCI Co CFCN2),ýci 2O1 r1 2C~1 2/2

Thu ethcr was subsequently obta.'ned in 4O-65ý yicld-s by addi~no formiiluden~ydc
to the reaction mixt Uure, as discussed -In thx previous section. The, compound
was characterized by elemental analysis and nmr spectra.

2-Fluoro-2,22-di~nitroethyl propargy-l ether rcaCt-cd with one mole of
bromnine to L;-.ve 2-fluoro-2,2-dinltroethyi 2`,3-dibromoallyl other:

FC(NO ) ai~ 001 C'--CI+Br,. > FC(NOCj 1 V'OCII, C~r=011Br

In concentrated sulfuric acid 2--f'luoro-2,2-dinitroethyl propargyl ether
was lowy hdraed to give (2-flucro-2,2-dinitroethoxy~acetone:

FC(NO 2 )2 al 2 OCH 2 C7GH-2 5--FrC ( lN0ý) 2a!2 OiCo ',1 '~3

This ketone was previously synthes-ized in the oxidation of l1-(2-fL~uoro-2,2-
diriti*roetloxy,)-2r-propanoI which in turn2 was obtained in the alkylation. of
I"-fluoro-2,2-dilnitroethanol with propylene oxide (Reference 6).

2~Fuoo2,-intothanol reauted slowly with aqueous semiucarbazidc

to give the corresponding M~annich condensation product, 4-(2-fluoro-2,21-dinitro-
ethyl) semi carbazide:

FC(NO ) Cal 011+NH NHCONIC 11,0 ;% FC(NO ),C NU IlNHCONTH
22 2- 222 2

Thec halogenation of 2- fluoro-2, 2-din itroethylamine and bis(2-fluoro-2,2-
dinitroethyIljamine with sodium hypoch":orite and sodium hypobromite was briefly
explored but the results are inconclusive. It appears that the corresponding,
N-halo derivatives might have been produced in this m.anner, but more work is
needed. N-lIalo(2-fýluoro-2,2l-dini-troetýhylamiines) were intended to be used in
Rasching reactions leading to polynitroalkylhydrazine derivatives.
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Another reaction briefly explored was the synthesis of (2-fluoro-2,2-
dinitroethoxy)vinylenc diisocyarnate from (2- fluoro-2, 2-dinitroethoxy)fumaric
acid via the Curtius reaction:

FC(NO) al cOCaCO 1n c(r ).i occoci
2l2 2 n~C * 22 N~

HonccH c1oC0 l !1,o

_ o ) CCON ( 10) cnocNcoI
223 

L2 C"C >
N 3OC~2[ ONOQI

The preparation of (2-fluoro-2,2-dlnitroeth~oxy)fumaryl chloride was previously

reported (Reference 2). The reaction of the acid chloride with aqueous sodium
azide and the Curtius rearrangement of the latter to (2-fluoro-2,2-dinitro-
ethoxy)vinylene diisocyanate proceeded in a normal manner. The diisocyanate
was characterized by elemental analysis and its proton nmr spectrum. The
compound polymerized readily at ambicnt temperature in a matter of hours.
Samples of the diLsocyanate containing acyl chloride polymerization Inhibitors
could be stored in a refrigerator for several months.

The successful nitration and oxidation of (2-fluoro-2,2-diuitroetloxy)-
acetaldoxime with fuming nitric acid-hydrogen peroxide sug:gestcd that other
aliphatic aldoximes iaght also undergo analogous reactions to give the cor-
responding 1,1-dinitro derivatives. With this objective in wind, a number
of exploratory nitration reactions were carried out using acetaldoxiine and
methoxyacetaldoxime as model compounds. Only trace-amounts of the correspond-
ing 1,1-dinitro derivatives were obtained with both substrates and the yield
could not be improved under a number of different reaction conditions. The
nitration with nitrogen tetroxlde was also briefly examined but again yields
were very low. More work is needed in this area.
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SECTION IV

EXPERIMENTAL

GENERAL

Some of compounds synthesized on this program might be sensitive to
impact ani friction and should be handled with care. 2-Fluoro-2,2-dinitro-
ethanol and its derivatives show varying degree of toxicity.

Nmr spectra were measured on a Varian T-60 spectrometer. Proton and
fluorine cheim.cal shifts arc reported in ppm relative to TWU and 'luoro-
trichloromethane as internal standards, respectively.

( 2-'LUORO-2, 2-DINITROETHOXY)A CE1TALDOXIr•

A mixture of 4.9 g (0.o25 mnoL) of (2-fluoro-2,2-dinitrocthoxy)acetal-
dehyde, 5.75 g (0.0825 reol) of h•ydruxylmine hydrochloride, and 11.3 V,
(0.0825 mol) uf sodium acetate trihydrate in 70 ml of absolute ethanol was
refluxed for 145 min, and then ca 60 t.'a of ethanol wds removed at 250 (25 rum).
The residue was added to 100 :1l )'1' ice-water and the product was extracted
with 35 ml of methylene chloride. The extract was dried and the solvent was
removed to leave 5.2 g of liquid which was distiiled in a molecular still at
100-105o (0-. mm) to give 4.8 g -f a colorless liquid, 9l,• yield.

Anal. Calcd for C4 H6 N 3 F0 6 : C, 22.75; H, 2.84; N, 19.90; V, 9.01. Found:
C, 22.46; H, 2.58; N, 19.60; F, 9.1.

Proton nmr (CDCl 3 ): 68.44 (s, broad, 1H,=N0H), 7.42 (t,J=5.8 Hz, ca
60[ anti-C-H=), 6.84 (tJ=4.O Hz, ca to s2-,y1i=), 4.62 (d,J=19.1 Hz, FCCH2 ,
syn-isomer), 4.53 (d,J=l9.0, FC~im-)anti- I somer), 4.50 (d,J--4.0 Hz, -OCEi 2 C=,
syn-isomer), and 4.25 (d,J-5.8 ItL, OCH2C=, anti-isomer). Fluorine nmr:
T10.9 (t,JPF--18.7 Hz).

2-FLUORO-2,2-DINITROETHYL 2,2-DI •ITROE'•YL ETHER

To a stirred and cooled (i½e-water bath) solution of 4.2 -; (0.02 reel)
of (2-fluoro-2,2-dinitroethoxy)acetaidoxime in 60 ml of nethylene chloride
at 3-50 was added dropwise over a period of 7-8 mirn 10 g of 901 nitric acid.
The mixture became turbid and tUhen blie in a moderately exothermic reaction.
The deep blue solution was stirred for 20 min and then to it was added, drop-
wise, over a period of 20 min, 6.5 in" of 30% hydrogen peroxide until the blue
color was dischiarged. The reaction mixture was stirred with 90 ml of ice-
water for a few minutes. The methylene chloride solution was dried over
anhydrous sodium sulfate, filtered and concentrated to leave 3.5 g (65% yield)
of crude 2-fluoro-2,2-dlnitroethyl 2,2-dinitroethyl ether, a colorless liquid.
An analytical sample was distilled at 105-1100 (50 u) in a molecular still.
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Anal. Calcd for P0515N1F09 : C, 17.64; Hi, 1.84; N, 20.59. Found: C, 18.2;
H-, 1.64; N, 19.2.

YProton nrar (CDCI ): S 6.51 't,.--(,.O lz; 11, CIi), 4. 94 (d,Jjp11[ ). 8,
211, F9C12-, and 4.80 6dJ=6.0 11:, '11, (11").

2-bFLUOPO-2,2-DINITROET1YL ETHER

2-Fluoro-2,2-dinitrocthyl 2,2-dinitroethyl ether, 3.5 1, (above), wal.
dissolved at 00 in a solution of i.0 jI of sodium hydroxide in 65 ml of water
and the resulting orange-red solution was fluorinated with elementary fluorine

(diluted fourfold with nitrogei ) until the solution became colorless (10 min).
The mixture was extracted with 35 ml of methylene chloride to give 2.3 g of
2-fluoro-2,2-dinitroethyl ether, 62 yield, bp 1000 (0.4* i.m).

Anal. Calcd for 0 4 114N4F2 09 : C, 16.6; ii, i.4; F, 13.1. Found: C, 16.7; h, 1.3;
F, 12.9.

Proton nmr (CMCI ):to4. 5 7 (d,Jrp=l6.0 1Iz). Fluorine nmar: 6 109.2, a
poorly resolved tripleý.

2- CHLORO-2,2-DINITROETHYL 2-FLUOiiO-2, 2- DINITROETHYL ET[ER

To 20 m.i of 5.3% aqueous sodium. hypochlorite was added 0.5 gr of 2-t'luoro-2,2-
dinitroethyl 2,2-dinitroethyl ether. Thc mixture was stirred for 10 mirn and
extracted with 20 mi of carbon tctrachloride to leave 0.55 9 of 2-chloro-2,2-
dinitroethyl 2-fluoro-2,c-dlnitroethyi ether, a colorless liquid.
Anal. Calcd for C41H4 N4 CIF0 9 : C, 15.66; n, 1.30; F, 6.20. Found: C, 16.1;

H,-1.09; F, 6.3.

Proton nrar (CC1 4 ): & 5.03 (di,J=!6 Hz, 2H1, FCC1 2 -) and 4.97 (s, 2-H, "

3- (2-FLUORO-2,2-DINiTROE'HOXY)-2,2-DINITROPROPANOL

To a suspension of 1.0 g of crude 2-fluoro-2,2-dinitroethyl 2,2-dinitro-
ethyl ether in 10 cc of water was added 1.0 g of 37% aqueous formaldehyde and
a few drops of 5% aqueous sodiumr hydroxide. The nixture was stirred for 20 min
at i8-250 and then acidified with a few drops of 10P4 hydrochloric acid. The
mixture was extracted with two 7 rml portions of methylene chloride. The com-
bined methylene chloride extracts were concentrated to leave 0.95 9 (86j yield)
of 3-(2-fluoro-2,2-dinitroethoxy)-2,2-dinitropropanol. An analytical sample
was distilled at 120-1250 (0.1 =') in a molecular still.

Anal. Calcd for C5H 7NVF0 1 0 ; C, 19.87; H, 2.33; F, 6.28. Found: C, 20.12;
11, 2.01; F, 6.1.

(cCDil) . ...Proton nmr 6<4 70 (..,J11F-=6 Hz, 21! F'. 2 , 4.63 (s, 211, Cu2,



-O)M.C-C-), 4.•3 ( 21, an1, fly,,- -•1, 1u!1), .u~d ;.'( ((* and 111, 0 i 11).

3- (2- FLUOH0- 2,2- DIN ITROIT10XY ) -', 2- 1 N IT~i.)P'IOuP I.' 1OH.MA,

To a stirred solution of 0.6 g (0.002 mol) of 3-(2-fluoro-r,2-dinitro-
ethoxy)-2,2-dinitropropanol and 0.03 g (O.OO1 equiv) of s-trioxane in 10 ml
of methylene chloride at 5-10o was added 1.0 mnL of concentrated sulfuric
acid. The mixture .qas stirred at 22-250 for 2 hrs and phases were separated.
The sulfuric acid phase was extracted with two 10 ml portions of methylene
chloride. The methylene chloride solution was combined with extracts. The
solution was washed with 20 mal of water and evaporated to give 0.4 g of a
colorless viscous oil, d=1.641, which was not further purified.

Anal. Calcd for CllH1 3 N8 F2 02 0 : C, 21.47; '-, 2.1?; F, 6.17. Found: C, 21.28;
I-, 1.97; F, 6.41.

Proton nmr (CDcl) :3 4.7Y (s, 21i, formal CH.,), 4.75, (d, JHF=1 6 .1Hz, 411,

2F6C1t-) .5(,41, 2F6CHOc1I.,0C-), an(' 4.37 (s" 411, -CCLn,~OCuiGcwC-).

I-OabLORO-3- (2- FLUORO- 2,2- DINITROEThOXY) -2-PROPANOL

A suspension of 2.1 g (0.01 miol) of 2-fluoro-2,2-dinitroethyl 1lycidyl
ether in 30 ml of 8% hydrochloric acid was stirred at 250 for 16 hrs. The
mixture was extracted with 20 ml of mothylene chloride to give 2.45 g (O0%
yield) of 1-chloro-3-(2-fluoro-"2,2-dinitroethoxy)-2-propanol. An analytical
sample was distilled at 1000 (0.1 =m) in a molecular still.

Anal. Caled for CFH N2 ClFOg: C, 24.53; 11, 3.25; N, 11.36; F, 7.7. Found:
C,2--.57; H, 2.91 #, ,10. ; F, 7.6.

Proton nor (CDcl ):€4.65 (d,JHIF=17.4 Hz, 211, FCCOa- , 2.70 (broad s,
1, OH), and superimpoLed sultirlets at 3.47-4.17, 5n,1 4 20•cH. Fluorine
nmr: $ 111.0 (poorly resolved triplet). cF

The co:aipound was aiso obtained as the side reaction product (incomplete
cyclization) in the synthesis of 2-fluoro-2,2-dinitroethyl glycidyl ether
from 2-fluoro-2,2-dinitroethanol and epichlorohydrin.

2-FLUORO-2,2-DINITROETHYL GLYCIDYL ETER

To a stirred solution of 1.23 g (0.05 mol) of l-chloro-3-(2-fiuoro-2,2-
dinitroethoxy)propanol in 5 nil of methanol at 22-250 was added, dropwise, a
solution of 0. 34 g (0.05 Inol) o0f 85% potassiun hydroxide in 5 ml of methanol.
The nmlxture was stirred for 15 mdn, diluted with 50 ml of ice-water and
extracted with 25 ml of methylenc chloride. The extract was distilled to
give 2.0 g (95% yield) of 2-fluoro-2,2-dinitroethyl glycidyl ether, bp 710
(0.1 mm); lit. (Reference 7) bp 70-71o (0.1 nv.).
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.- PROMO- 3- (2- ?LUORO-2, £ - 1)NITHOTITOXY ) -2- PROPANQI,

The tit'le compound, a colorless liquid, distilled in a molecular still
at 1100 (0.1 -am), was obtained in 9OK,ý yield by reactini; 2-fluoro-22,2-dinltro-
ethyl glycidyl ether with 10* hydrobromic acid following the above procedure.

Anal. Oalcd for C5 I1RN BrF0 6  C, 210.62; 11, 2.176; N,, 9.62; F, 6.52. Found:
C, 20.80; H, 2.31; l, t9.5 0; F, 6.4.

Proton nmr: 064.65 (d.,JBF=l7.R^ Hiz, 21,Lo~) . 58, (d,Jjo 1 ;=3.S liz,
111, O1H), anid 3.33-4.13 (superimposed :nnltiplets, '511, 219h1X Fluorine
nmr: ý 109.5 (poorly resolved triplet, ilji-p17 liz).

Theli comrpound was aloo ider;i:ýiL'd as; the sin,-e reac Lion product in, the
synthesis of 2-tluoro-2,Z,-diniitiuethtiylý ,iycidyl eth~er from 2-fluoro-2,2-
(ilnitroet~laniol anid epibromohydrir iIn aqueouis sodium~ hydroxide ,olution.

1-I0DO-3-(2 -LUOHO-2,2--DINITHOET!OXYI)PROPAINOL

The title compound, a colorless liquid distillecd in a molecular still
at 115-120o (0.1 n),was obtainetd 1:: 92%r. yield by reactingL 2-flucýro-2,2-
din:itroethyl -glycidyl ether with 5%hydrolodic acid following, the procedure
used for the synthesis of thle chioro analogue.

Anal. Caled for C95g1NFI% 0: C, i17.7t6; 1M, 2.38; N, 8.28; F, 5.62. Found:
C, 18.-08; 11, 2.31; 11,7.8; F, 5Y.7

Plro-on :mi (ODdi ): ý S ( 46 (Ji=17.lI Itz, 211,P, '0C1--), 2.67 (broad s,
111, 011), 3.13-4.05 (surimose nutaVplets, 511, CiLM ci).Furnez:r
ý !09.6 (t,ýJj= 1 i7.O liz).

T om a stlrrcd solution of 2.28 1., (0.01 mo)of 3(-loo22dnto
etlioxy)-l,2-propanediol arid 0.811 L-.- (0.01 :.-ocl) of pyridine in 20 :ii of motirylcne
chloride was added at 20-250 dro:)wisc (3 min) a sol-ution of 1.20 1-(.C. mo
of pivalloyl chloride in 5 mlof metliylene chilorIde. The mixture was stirred
for 10 muin, washed with 50' In. of 35u h-ydrochloric acid, dried and concentrated
to g'ive 3.05 f, (98% yield) of l-carbo-t1-tutoxy_3(2-fi"uoro-2,2-d~initroethoxy)-
2-propanol1. An analytical samnple war, distilled in, a molecul1ar still at 1350

Anal. Ca1cd fur CmH']- 7 I§FGs: C, 38-46; 11, 5.48; N, 8.97; F, 6.08. Foun d:
78.3dB6; 11, 5.43; N-, 8.69; F, 5.92.

Proton n;'ar (CDCI '- '4.72 (a,Jjl15 .=8c), 211, FC),3.25 (broad s, iN1,
oil),-."1.2 (s, 911,-CCO1b arid 3.25-363 (suiperiiapo½Jd niultiplets, -01u&i~~)

Fluorine nmr: 4 110.0 (t~Jrly 2iz.
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l- .. - .LU0-2. i2- DlI'ITROiTIIOXY ) -3- iJIi1IAi'0-,-.R0iANOL

To a stirred solution of 7.0 mi of 7T$Y/ nitric acid in 14 idl. of water
was added 2.1 g (0.01 mole) of 2-fluoro-:,2-dinitroethyL glycidyl ether and
the mixture was kept at 22-250 for 20 min. Tlhe solution was extracted with
15 ml of methylene chloride and the extract was concentrated to leave 22

of 1-(2-fluoro-2,2-dinitroethoxy).-3-n-trato-2-prolanol (80',o yield), a color-
less liquid. An analytical sample was distilled in a molecular st'Al, at
1250 (0.1 r).

Anal. Calcd for C5118 N3 F0 9 : C, 21.98; 11, 2.95; F, 6.95. Found: C, 21.92;
11- 2.68; F, 7.1.

Proton n.mr (CDC1i):3S4.67 (d,Ji..1 =16.0 Hz, £H, Fý•.-), 2.80 (broad s,
ill, 011), and 3.50-4.50 (superilaposed uultipiets, c11, -1i 5 •1i2-). F.uor nc
ninr: (0 110.7 (poorly resolved trlct).

I- alLOR0- 3- ( 2- FLUORO-2,2- DI NITRONI' IOXY )A( MTOME
To a stirred solution of L .94 g (0.02 rol) of -chloro-3-(2-fiuoro-2,-

dinitroethoxy)-2-propanol in 75 W., of acetone was added at 20-23o dropwis-

over a period of 45 min chrormic-sulfuric acid solution (Jones reagent pre-
pared by adding 1.75 ml of concentrated oulfuric acid to a solution of 2.o C
of chromium trioxide in 4 ml of water). The mixturL was stirred for an
additional 45 min and the excesu of chromium trioxide was destroyed with a
few drops of isopropanol. The mixture was filtered and the filter cake was
washed with two 5 ml portions ok acetone. The combined filtrate and washin:;s
were stirred with 5 g of sodium b-carlbonatu for 10 mmin, filtered, and concen-
trated to ca 10 ml. The concentrated solution was added to 80 :IU of water
and uxtract-ed with 45 ml of methylene chioride to give 4.6 g (945 yield) of
1-chloro-3-(2-fluoro-2,2-dinitroethoxy)acetone, a colorless liquid. An analy-
tical sample was distilled in a molecular still at 1250 (0.1 =m).

Anal. Calcd for C NIT FO: C, '4.55; IH, ý!.45; N, 11.45; F, 7.76. Found:
C,24 6 ; E, 2.6-1; i, L. , 31; .98.

Proton nmr (50-50•1 5C -C"" 4.6• 6 (,.0 .2

4.52 (s, 21i, OClHbCO), and 4.0k (, 21,, -Cl). Fluorine na.r: ( 109.7 (joorly
resolved triplet4 JIF' 17 Hz).

1- (2-FLuORO-2,2-DINITROE.uOXY)-3-(*AINBO-t-nBUTOXY)A£ETONE

The title compound, a colorless oil, was prepared in 855S yield by oxida-
tion of 1-(2-f'luoro-2,2-dinltrocthoxJ)-3-(carbo-t-butoxy)-2-propanol with Jones
reagent following the above procc:dure. An analytical sample was distilled in
a molecular still at 1450 (0.1 .-r).

Anal. Calcd for C10 111 5 N2 F0 8 : C, 38.71; i, 4.87; N, 9.03; F, 6.12. Found:
C,-38.73; H, 5.30; N, 9.18; F, 5.96.

15



Proton nmr (DC ); 4 75 (dJU=16h IlIz, 211, FC-Gb2-), 2 4.63 (s, 211,
O`),CcO), 4.37 (s, 211, ;1,), and .1.25 s, 911, C(01 3) Fluorine nmr; 0 110.6
(po'rly resolved triplct, JIIF=- 6 .5 11z).

a.- (2-FLUcRO-2, 2- DINITROETIIOXY) -3- NITRATOAJt-,TONE

The title compound, a colorlcos liquid, was[ prepared in 90",4 yid by
the oxidation of 1-(2-fluoro-2, 2-dinitroethoxy) - 3- nitrato-2-propanol with
Jones reagent following the procudure described abcve for thc 3-ehioro
analogue. An analytical sample was distilled in a molecular still at 125o
(0.1 min).

Anal. Calcd for C5 H6 N3 FC9: C, 22.14; 1H, 2.23; F, 7.0. Found: C, 21.93;
11, 2.03; F, 7.1.

Proton nirx (=DCl): c5.13 (s, 21H, G•tohO ), 4.75 (d,JHF=l7.O 11z, 2"I,
FC.I -),- and 4.48 (s, ýIi, CaI2). Fluorine ý.mr: 2 ý io9.4 (poorly resolved
trip et).

ALLYL 2-FLUORO-2,2-DINITROETHYL ETHER

To 35 wl of 37-40M1, aqueous formradchyde in 150 ,,,l of water was added
30.8 g (0.2 mol) of 2-filuoro-2,2-1dinitroctlianol and a solution of 10.6 g
(0.26 mol) of sodium hydroxide in 10 a! of water. To the resulting solution
was added 36.3 g (0.3 riol) of allyl bromide and the mixture was stirred for
45 hrs at 23-125o. The mixture was extracted with 50 :al of mcthyle;re chloride
to give 25.5 g (66% yield) of ailyl 2-fluoru-2,2-dinitroetiyl ether, bo 310
(0.2 ,wir.), li.t. (Reference 7) bp 'i-3'2° (0.2' mi.).

l, 3-I3IS(2-FLUO10-2,2- DIrII¶2"ROEIOXY)-2- I'ROPA10L

To a solution of 4.0 g (10.06 :mol) of 2-fluoro-2,2-"initroc'hanol in
35 g of 375 aqueous formaldehyde was added -. 32 g of 85% potassium hydroxide
(0.02 mol) in 4 mnl of water, 4.2 g (0.02 mol) of 2-fluorc-2,2-dinitroethyl
glycidyl ether and 5.0 mi of meth!anol. The reaction mixture was stirred at
22-250 for 20 hrs, diluted with water to 120 ml, and extracted with 50 ml of
carbon tetrachloride. An insoluble oil separated, which was extracted with
40 ml of methylene chloride to give 3.0 g of 1,3-bis(2-fluoro-2,2-dinitro-
ethoxy)-2-propanol. An analytical sample was distilled in a molecular still
at 155-16o0 (o.i mr).

Anal. Calcd for 1 IN F201: 0, 23.", li, 2.76; F, 10-43. Found: C, 2N3.K;
H, 2.61; F, 9.. 8.

Proton nr'x (=DCl):S 4.65 (d,Jn,•=i7. 6 , 4!i, FCMi!.- 2.52 (broad s, 1-1,
011', and 3.52-4.02 (superimposed multinlets, 511, -CI - F'luorine ntr:

.111.2 (poorly resolved triplet).

2-Fluoro-2,2-&iinitroothyl Jycidyl ether, 1.6 g (0.0076 mol), was
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recovered on evaporation or carbon totrachioride_ phase above. rlie yielId of'
l,3-bis(2.f--l'uoro-2,2--dinitýroethoxy.J)-2ý-propanoli amounted to 66.5%.

1, 3-BIS(2--FLUOROiC-2-,2-DINTTHOE7ThOXY)AcYThNE

To a stirred solution or I13. L1, (0. 036 iol) of' crude I.,3-his(2-:h'Iioro-2,2-
dIi n itroethoxy) -1-propanol (above), In 120 m]. or ace~tone at .02122) was; added
dropwise, over a period of' 45 '111::, a solution 10.0 t; (0.l L mol) of ch~rominun
trioxide and 3.0 g, of concentrate(,d sulfuric acid In 10 m!. of water (.danaý
reagrent) until chronatc color persisted . The unrelated chrorrate wa~s
destroyed with a Cow drops of isupropanol. Theý mixture was filtered and the
filtrate was stirred with 10 g, of sodium, bicarbonate for 10 rMn. The mixture
was filtered again and the filtrate was concentratedi to ca 15 r.1. The concen-
trate was added to 200 ml of wate+ and a water- insoluble liquid was extracted
with 60 ml of methylene chloride to give 12.3 - (quantitative yieldl) of 1,3-
bis(2-f'luoro-2C,2'-dinit-,roethioxy)acetouie, a co.'lo csc:; liquid. An analytical
sample was distilled in a molecular sitillI at 1400 (0.1 Mnz).

Anal. Galed for C 7H 8N 40 ,1 , 2 3.21; 11, L-.2'2; F, 10.49. Foundl: C, 23-,..43;
R, z.o6; F, 10.3. 84

Proton n!ur (113) :6&4.72 (4J.'1.2 ijl Fl'ýa!_), and 4.43 (3,
4!i, -100b).Fluorine nart A,#111.2' (poo)rly resolved triple-ct).

To a solution of 10.0 g(Ca 0.03 :noL) atf crude1 3bs2-i-ru2
dinitroethoxyý/acetone (see abov7ET in 70 ml o.' ;methanol was addedI 5.1 gof'
hydIroxylainlne hydroclhloride and .:C -, of sodiumr acetate trih~ydrate and. the
mixture was refluxed for- 3 hrs. The hot m`;xture was f'ilteredi andI the flrt
concentrated to 20 ml. The concentrated mtrewas addled to _103 ml of' %..;Ator
and water-insoluble oil was extracted w.ith 50 ma of methyleno chl-1oride. The
rnetlhylene chloride solution was concentrated t~o ,ive 10 -, of crude 1, 3-bis(2-
f luoro-2, 2-dinl1troethoxy) aceton"c uxime.

Protlon nir' (CDC-): ':'C7,.40 (in, broad, 11,4 1),4.72 (d, .j,15,l. 8 , 41
2Fy11 2 ),and 4.67 and-54.23 (Is, ---, -~C(=N'OIi)uOH_-, for =and anti isomers).

Thesecpreliminary assignments are subject to changes.

1, 3-BIS(2--FLUCRO0-2, 2--DINITROETH--OXY )-2-, 2- DIIIITROPHOPAKrE

To a stirred solution of 2.0 E, of crude1,-i(fur-,-dnto
ethoxy)aeetorne oxime (above) in 3"0 m-l of methylene chloride at fl-5cwas added

s ~~dropwise, over a period of' 10 mil, 3.5 [g of 90ýc ni-tric acýd. The~ reaction
mixture first turned-' turbid and the!in deoo blue. Afeo0'i: 0 hydrolen
peroxide was added dropwise (20 ::;n) until blue color of the solu-tion was
discharged. Th mixture was added to 6C) uI of' ice-water and theý. ph~asesswr
separated. The mnethylene chloride solution was stripped to g-ive 1.4 L; of crude
1, 3-bis(2-fluoro-2,2-dlniýtroethiox-v)-2,2-dinitronropaeli. The crude iuaterial was
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ourified by passint- its CDC1 solution through1- a 0.5 x 25 MM colu-mi of bas~c
alum~na (IBiorad, AGlO, 100-2-aO mesh).

Anal. Calcd for C if N F 0jt C, 91;1,13;1" .7 on: 2-0
11, 2.01; F, 8.4.7 62 * 1.8 i . "..7.FudC,030

Proton nrar (~C~l-) : r4-70, (d,JHv~a 6 iz, )oi, 2rcQ1i,-) anid 4.55 (o, 41,,
.. CHC(N0)2C1<).Flu8 rin~e nmar: fl110.8 (poorly resoolv(!d tripet.) .

2 -- FLUORO-2, 2- DINITROE'TIYL- PROPARGYL 0ET11R

To a mixture of 3.1 i; (0.02 mo.l) of 2-.f"-luOro-2,2-dinitroetbiancl, 2C0;C
o" i8p aqucoiis forznaldehydle, and !-.0 g, (0.025 mol) of' sodilum hydroxide was
added 2.4 g, (0.021 mol) of propari:y]. bro-nide. Thc- reactaifl mixture was stuirred3
vig~orouzly at 22-2,50 for 30 Jirm und thien was- extracted with 25 mL Of' 1.-.:ThAy.enC
chloride. The rncthylenc chloride extract was distilled to -'Ie .1 1- cf
2-fluoro-2,2-dinitrocthyl pro~ar(-yl ether (5~yield), a colorless liquid,
bp 350 (0.3 nwm).

Anal. Caled for C 5 H N2IFO C, 31.25; 1!, 2.62; N, 14.58; F, 9.89. Found:

Proton niax (0014): .-4.59 Gij,J 1 1 ,.=7.3 Nz, 2H, FA0GH2, 4.28 (dJ 1 1  i z,
211, 0Ql,,Cý), and 2.56 (b,Jij=3 -Ix , -Gd). Fluorirc- nwar: 4) 110.7(orl
resolve'tile)

2--FLU0ORO-2, 12-DlI-ITR0EýTHrYL 2=,3-DI13R0M0ALLYL E1ii

To a stirred suspension of 1.92 G (0.01 moi) oi -l or-,-intehv
proparcyl ether in -25 ma of water was added -.6 g (0.01 mnol) of brom.-ne. Th e
reaction mixture was stirred! at 250 fcr 30 min and '.hen was extracted With
20 -,,1 of :metlhyl-ene chloride. The ricti:ylrene chloride extract was fractionated
to tgive 2.2-8 C, of 2-fluero-2,2-d'-!nitrocthy'L 2,3-dibr-moallyl Other, a colorless
liquid, 'Du 800 (0.1, nm).

Anal. Caled fur. C5 Ii 5" 2 FBr 2 0 5 : C.- 17-.05; 111, 1.43; F, 5.39. Foundý: C, 1'7.41;
1!, 1.33; F, 5.54.

Proton nmar (mciC ):S6.82 (s, lI[,=011I~r), 4.55 (d,JjlF~l7.O Hz, 21l, Fc2'',
and 4.57 (s, 211, -M 2 1Ar=). Fluorine nmr: ý 112^,0 (poorly resolved trilp~t)

HIYDRATION OF 2- FLUORO-2,2- DINITR0ETIIYL PiH0PARGYL1 ETHEM TO (2- FLIUO1R0-2, 2-
DINITROETIIOXY )ACETOM-

a2-Fluoro-2,2-dinitroethyl Iuropargyl ether, 0.5 g, was added dropwise
at 250 tn 10 m! of concentrated sulfuric acid. The reaction temperatuire
increased to 30-320 and the maixtu~re dart~ened. After 5 :xin, the reaction
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.mixture was added to 50 ml of ice-water and extracted with 5 in.m of carbon
tetrachloride. The proton nmr spectrum of the extract showed that ft
contained 80o of the starting material and W$(Y,4 of (12-1iuoro-2, 2-dDin)itro-
ethoxy)acetone (Reference 7).

'i- (a-v LUOR4O-,_,,-DIuTRI~ThO•YL)sW S QM ARIW/ADI:I!

To a stirred solution of 3.35 rg (0.03 mol) of semicarbaz'idc hydro-
chloride and 4.62 g (0.03 m!) of in 25 m, of
water wav added dropwisc, at 0-5O, a solution of 1.2 g (0.03 ofa) of sodium
hydroxide in 1C ma of water. No visible change _ccurres. A white crystal-
.4-lne solid, 3.5 g ('.5 yield), m,: 104-J050 , gradually deposited at 00, and
was coliected by filtration after six weeks. An analytical sample was

crystallized from water.

Anal. Catcd for C 11 N FF:0 C, 17.06; !i, 2.0h; N, 33.18; F, 9.00. Found:
C,716.78; H, 2.49? .,533.09; F, 9.0.

Proton nmr (D2o): 64.68 (s, h 1r, mi and ui-,,), and 4.28 (d,JFjrT17. 6 NIz,

2 1", ai 2 ) .

(2-FLUORo-2,2-DINITnOEmIOXY)V Ims!- •rdL I)IDI SOVCYANATE

To a stirred and cooled su~ution of 1.95 g (0.03 mol) of sodium azide
In 20 ml of water at 15-l8° was added dropwise over a period of 5 ;iir. a
solution of 3.05 1 (0.01 nol or 0.02 equiv.) of (2-fluuro-2,2-dinitro-
ethoxy)fumaryl chloride (Rcferen,-c 2) in 35 ml of ethylene chloride. After
30 rimn, the Jixture was cooled t, 5-) and the phases were separated. The
e2thylene chloride solution was d.ried Over anhydrous sodium- sulfate al.d
filtered. Too filtrate was warme:d to 65-700 in a distillation appara•tus
protccted from moisture by a Ca.'!, drying tube. lwhen gas evolution ceased
(ca 2C inin), the soiution was reftuxed for 5 • ,n. Thc solvent was removed
to give 2.6 g (lO yield) of crude (2-floro-2,2-dinitroethoxy)vinvlene

dllsocyanate, a dark liquid. An analytical samolie was distilled at 9Q-95C
(50,n) .n a molecular still to give raln-ye'. 2 ow licuid.

Anal. Caled for C6]34N FO: C, 27.44; i, 1.-4; N, 21.9tC; F, 7.3. Found:=-2-7.4; 1.., .o5 N4 , .0.

Proton nr• (CDC1 )3,C5.41 (s, ai, OH) and 5.10 (d, HnF=16.o0 Hz, 2!-,

The diisocyanatc polymerized in a matter of hours at room ten.oerature
to give very viscous oil.

The proton nma" spectrum of (2-:luoro-2,2-ciinitroethoxa zr. l aside,
"the intcrmediate to the diisocyau.ate above, was recorded in carbon tetra-
chloride. The suectrum conlicts, ! of a sifict at 66.23 (s, 11i, CH) and
5.20 (d,Jiur=Y(.C liz, 211, CI[2.

19



IUd:F-, ENICI:GE5

2. 1.0. Adolph and M.J. Kamlet, j. Org. (Shorn., 34, L5 (1969),

2. V. Grakauskas, "Synthesis ofr INov Aliphnatic EvxploEulvc Compotnd(),
Techn-ical Report APATh-TR-69 -12-7, SQeptember 1969, pp, 19-'20 ( Coor)

3. G. Por~zio, J. Prakt. 2Chm., 73, 1;9h (1906).

4. For improved Ponizio, reaction sv12 L. F. Flesur and W. von ES. IDoerlo,-,
J. Am. CThem. Soc., 68, 2ý' (19),C). Prmv ~ui ok c ~
Bull, E.H. 11. Jones6 and O..Mcakins, J. ';em oc.,
C. . Koiesetsokaya, 1.V. T'liniskii and I.1 Va.)1,'. OGr6 u; in.

6, 334 (197C).-

5. W. Char Lton, J. C. E'arl, J. Kernnr, aind A.A. jl~uiuano, J. (Thorn.. Sac.,
1.9312, 30.

6. K. BoWdenj, 1.1%1. Eel I run, . .I.JonuLs, and 13 .. hucj. CShem.
SoQC. 3,9 ( 1946).

7. V. Grakauskas, J. OrLg. (Sci,35, 3030 (1570).

8. V. Grakauvskas and K. Baumn, j. Org;. alem., -34, -3927 (1969ý).

20



A.10 CI AI'lIGD

DOCUMENT CONTROL DATA - R & D
It~~~~ iaffe, in ftil., bai,h ,I ahqfn-t ail I-/'.- wlj 1,it','-In"Ifi,' mf hj.l e iertrriJ thin I/he -errol r..pwf r l h. .- -tsnii)

Ci&% lN.AC IIV'IT1 t'L-Otp'rte .1uthor) 120. FILEORT SECU14I1Y ELASSIS ICA lION

IKWOQIEM, INC. Unc~lassified
17t-0 Le,'st First Street "C;0U
Azusa, California 91702

-t L"ORT TITL 1

LW ~hFISOF ALIPIL'rITC I'frlF.,OSIVE aNICUNBS0, =

4 t'I %C NIt' ivIE NO TES (7'ipe of! report arnd Incluffiv dates)

Final Tkpoort - 15 March 1971 to 15 February 10,72
AAL, S HONISI (Viear name, middle initial, last rname)

V. Grakauskas

6 'REPORT DATE 71A. TOTAL NO. Of' P'AOTS 17b. NO. 01 REFF

March 1-972 _________________288

Sn. CONTRACT OR GNANT NO. 9iu. ORIGINATOR'S REPORT NUMBERIS)

F08635-71-C-0112
b. PROJECT NO. 2511 F

Task No. 01 Fib. 0THFEN REPORT NOISI (Any netter numbers that esy be assigned
this report)

d. Work Unit No. 013 AFATL-Tit-72-47

10.01TRIUTONSTAEMNTDistribution limited to U. S, Government agencies only; this report
documents test and evaluation; distribution limitation applied Mlarch 1972. Other
requests for this document must be referred to the Air Force Armament Laboratory (ULIW),

Eg ,in A rprcp- FlorP~nida 39549
II Et~C6tV~ itr-SPONýSORING MILIT All, ACt1 ViTY

'A r Force Arwa::ient Laboratory
Available fromr DDC 'Ajr Force Sy'stemis ComnLand

lnAir Force Base, Florida 32542
13 1SR A number of new energetic polynitroethers and inter.-iediates were synthesized

utillzin'; reactions of' 2-fluoro-2,2-dilntroethano. and its derivatives.
The oxidation and nitration of (2c-fluoro-2,2ý-dinitroethcoxy)ýaetaldoximne yIel7ded

2-fl~uoro-2,2-dlnitroethyl 2,2-dinitroethyl! ether which was fluorinated to sNc2-
fluoro-2,2-dinltroethyl ether. 2-Fluoro-2,2-dinitroethyl 2,2-diJnitroethvl ether anda
formaldehyde gave 3-(2-fl.uoro-2,2-dini*trcethoxy>,2,2-dini-*tron)ron-ano'- win-ch was used to
synthesize bis F3-(2-r--.uoro-2,2-aini~troethoxy)-2,2-dini'tro-propy1Jý formal.

Five 1-T(2-fluoro-2',2-dinitroethox&)-2-prop.anol derivatives of t1he g~eneral
structure FC(N02 )2 a! 2 0CH2C(OH)CIH2 XjX="C, Br, 1, ONO2  XCC(Gi) 1 were synth-esized byr
reacting, 2-fl~uoro-2,2-dinitroethy' gl7yeieiyl' ether with !-E and tlie alcohol1 derivatives
were oxidized to the corresponding, acetone derivatives, FC(Nrn)2 CH 02 4 i2 C0F XLX=c1,
OC0 2, e-oc(0H2 )Th-222

1, 3-Bis-N 2-f'luoro-2,2--dinitroethocxy)-2-propanol was synthlesized by reactinj-
2-!'luýoro-2,2-dlnitroet'nyl glycidyl ether with 2-fluoro-2,2-d-ini.-troethancl. The
alconoi. was oxidized to l,3-bis(2-fluoro-2,2-dinitroethioxy~iaectone. Nitration and
oxidation of the oxime of this ketone yie~lded 1,3-bis(2-fluoro-2,2-dinitroecth-oxy)-2,2-
d inatrojpropafle.

Uthler new coyt:,)ounds synth~esized w-ere: 2-fC luoro-2, 2-din4itroethyl propariryl
ethe(_r, -('21- fluoro-2, 2 -din-- troethyvl) semij oarbaz2 tie and (2-fluioro-2, 2-diM itroetlioxy -

vinl't:d lisocyanate.
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